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2 Claims.
1

This invention relates to a method and ap-
paratus for measuring changes in mechanical
pressure. More particularly it deals with a de-
vice which changes its electrical conductance or
resistance in response to changes in pressure.
One specific applicaticn of this device is in a
torque meter.

Tt is an -object of this invention to measure
changes in mechanical pressure in a novel and
effective manner.

1t is -another object to produce a simple -€elec-
trical device for measuring changes in pressure
which is free from rectifying effects.

Another object is to preduce a simple electri-
cal pressure measuring device which may be
adapted for use as a torque meter.

Another object is to proeduce a torgue meter
~ which may be applied on short sections of shafts
sueh as in aircraft motors.

Another object is to produce a torque meter
which is not materially effected by external
forces such as hysterises losses, changes in tem-
perature, rectifier effects, corrosion, etc.

Still other objects and features will appear
from time to time in the description which fol-
lows.

Generally speaking, the elecirical measuring
device of this invention comprises: (1) two met-
al members having contacting surfaces, the sui-
face of one member having a greater radius of
curvature than that of the other, and (2) means
for measuring the change in potential between
the two members when their surfaces are pressed
together. The greater the pressure betwesn the
two surfaces, the greater is the electrical con-
ductivity and the smaller is the 2lectrical resist-
ance between the two members, due to the in-
crease in area of contact between the two sur-
faces.

These surfaces on the two contacting mem-
bers may comprise, a sphere and a plane ot, for
example, a resilient metal ball (sueh as a ball
of a ball bearing) held between resilient metal
plates. The resilient metal members may be
made of steel, phosphorous bronze, beryllium-
copper, or other highly elastic and resilient metal
alloys.

It is desirable that the metal contact between
the two surfaces be kept free from corrosion.
This may be done by enclosing the device in a
sealed chamber, such as in a vacuum, and/er
by coating the surfaces with a non-corrosive ma-
terial which has a high electrical conductivity.
Tt is also desirable that the metal contacting sur-
faces do not rectify the electricity passing
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through them, particularly if it is an alter-
nating current, such as steel to steel contact.
Suitable coating substances for the contacting
members to overcome these difficulties are gold,
silver, platinum, -<copper, etc. The coating
should not be of such z thickness that the re-
silience ef the metal member is materially ef-
fected.

The potential applied across the two contact-
ing surfaces may be either direct current or al-
ternating current. If alternating current is em-
ployed a comparatively Tow frequency is desirable
such as between about 50 and 5,000 cycles per
seeond.

The electrical circuit employed in measuring
the change in potential across the two surfaces
should be comparatively sensitive and may be
any Ssuitable resistance measuring device such
as a Wheatstohe bridge, potentiometer, or re-
lated circuit.

A specific application for the pressure meas-
uring device of this invention is in torque meters.
The contacting surfaces of the pressure measur-
ing device may be mounted either ocn the shaft
in which the torque is to be measured or may e
stationarily mounted away from the shaft and
coupled thereto through a hydraulic brake and
piston system, or the like. If the two surfaces
are mounted on the rotating shaft, they may be
electrically connected to slip rings or magnetical-
ly coupled through induction coils surrounding
the rotating shaft. If two or more of the con-
tacting surfaces are employed in a measuring de-
vice they may be coupled so that the change in
resistance in one accentuates the change in the
other such as in a push-pull hcok-up. In this
type of hook-up it is desirable that the devices
be placed under an initial pressure which is sub-
stantially intermediate of the pressure range
within which they are going to be used.

These and other features and objects of the
invention will become Imore apparent upen con-
sideration of the following dewailed description
of an embodiment of the invention to ke read in
connection with the accompanying drawings in
which:

Fig. 1 is a schematic diagram of one embodi-
ment of this invention when not under pressure;

Fig. 2 is a schematic diagram of the embodi-
ment shown in Fig. 1 when under pressure;

Fig. 3 is a partial section of the same embodi-
ment employed in a torque meter;

Fig. 4 is & sectional view along the lines 4-—4§
of Fig, 3; and

Tigs. 5, 6, 7 and 8 are schematic wiring dia~
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grams of alternating current circuits which may
Le employed in connection with the torque meter
shown in Pigs. 3 and 4.

Referring specifically to Figs. 1 and 2, there is
schematically shown a resilient steel ball I, which
may be silver or gold plated, held between two
steel plates 2, the adjacent surfaces of which
may also be similarly plated. These plates 2 are
connected through wires 3 in series with a po-
tential source 4 and meter 5. This meter may
bhe of any suitable design which is responsive to
the change in flow of current from the battery
through the wires 3, plates 2, and bhall I. The
area of contact between the plates 2 and the ball
{ in Fig. 1 is shown at 6 to be comparatively small
50 that the resistance of the circuit is correspond-
ingly comparatively large. In order to change
the flow of current in the circuit pressure is ap-
plied in the direction of the arrows 7 to flatten
the ball | as shown in Fig. 2 forming an area of
contact 8 substantially larger than G, thereby de-
creasing the resistance of the ball and plates |
and 2 causing more current to flow through the
circuit and meter 8. Thus, the needle 3 of the
meter § indicates a higher reading than is indi-
cated in Fig. 1. The scale of the meter 5 may be
calibrated to read directly in pounds, of other
units corresponding to the pressure applied in the
direction of the arrows 1.

The pressure responsive device corresponding !

the ball | and plates 2 may be utilized in many
different types of apparatus. One specific type
is that of a torque meter specifically disclosed in
Figs. 3 and 4. Referring now fo Figs. 3 and 4,
the ball | and plates 2 are shown clamped be-
tween a pair of jaws 18 and 1, respectively, in-
tegrally connected with sleeves 12 and 13 fixedly
connected to the shaft (4 by pins or other suit-
able means 15 and {6, at the two spaced points
on the shaft 14. The distance between these
points may be as small as four or five inches and
the shaft may be of substantially the same diam-
eter as the distance between these points. It is
desirable, since the members { and 2 are electri-
cally coupled, to provide suitable insulation be-
tween the jaws 10 and 11 and the shaft 14 at 17,
and also between the plates 2 and jaws 10 and
i at 18. Suitable insulating and guiding
blocks {9 and 20 may be provided arcund the
hall I to hold it in place.

Also, integrally mounted on the sleeves {2 and
i3 may be an additional pair of jaws 21 and 22,
similayr respectively to jaws 10 and 1{. Between
these jaws (0 and (1 may be mounted a ball and
plate device 23 and 24, similar to | and 2, and
shown in dotted lines in Fig. 3. It is desirable
that the pair of jaws 21 and 22 be axially spaced
from the pair 10 and 11 so that suitable electrical
connections may be made to them as will ke de-
scribed later.

Although the plates 2 and 24 may be electri-
cally connected with a measuring instrument by
means of slip rings surrounding the jaws and
shaft, it is desirable that a non-contacting cou-
pling be made between the measuring instrument
and these plates. One form of such a coupling
is & magnetic coupling similar to that shown in
Figs. 3 and 4 wherein an alternating current is
employed in the coupling circuit. In the em-
bodiment shown, the plates 2 and 24 are respec-
tively connected to substantially low resistance
electrical conductors 25, such as a series of split
copper rings, which surround the shaft and jaw
members and are intimately connected (such as
by welding or soldering) to the two plates 2 and
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24. These rings 25 form a secondary of a trans-
former circuit, the inductance in which may be
increased by suitable laminated iron ring chan-
nels 26 surrounding the shaft between the sec-
ondary rings 25 and the jaw members {0 and 11.
This secondary coil assembly, comprising the
rings 25 and core 26, is mounted to turn with
the shaft 14 and may be fixedly mounted to one
of the jaws, preferably jaw (I, through an in-
sulating layer 27.

Magnetically coupled to the secondary rings
25 is a stationary primary coil 28 which may be
surrounded by laminated irong ring channels 29.
The comparatively many turns of the wire in
stationary coil 28 is then coupled to an electrical
measuring circuit which will be described later.

Similarly the plates 24 are electrically coupled
to a rotating secondary coil assembly 30 which
may be fixedly connected to the jaw member 22
for rotation therewith. Surrounding the rotat-
ing secondary assembly 30 is a stationary primary
coil assembly 32, similar to 28 and 29.

The only connections between the primary and
secondary coils are air gaps 33 and 34 between
the two coil assemblies.

It is desirable that the pressure device 1—2
and the pressure device 23—24 operate in op-
position to each other, i. e., when one is heing
compressed the other is being released. This
produces a greater effect in the outside electrical
measuring circuit. In such a hook-up it is de-
sirable that both pressure devices 1—2, and
23—24 be placed under an initial pressure by
means of the screws 35 in each of the jaw mem-
bers 10, {I, 21 and 22. This initial pressure
should approximate the intermediate pressure of
the range over which these devices are to re-
spond.

Referring to Figs. 5, 6, 7 and 8, there are shown
four different schematic wiring diagrams for
coupling the primary and secondary coils of the
two pressure devices employed in the torque
meter shown in Figs. 3 and 4. In these wiring
diagrams the pressure devices {—2 and 23—24
are schematically shown and similarly numbered
as are the primary and secondary coils 25 and 28.

Referring specifically to the diagram in Fig. 5,
the coils 28 form two legs of a Wheatstone bridge
across a stabilized alternating current source 36.
The two stationary field coils 38 in the meter
form the other two legs of the bridge. Coupling
the junctures of the legs is a movable coil 40
to which is connected the needle 41 which co-
operates with a scale (not shown) for indicating
the amount of unbalance of the bridge. It can
be seen that changes in the resistance of the
secondary circuits 25 will correspondingly change
the impedance of the primary circuits 28, thus
unbalancing the bridge and causing the coil 49
to turn with the needle 4f.

Referring to the circuit in Fig. 6 there is shown
an alfernating current supply source 42 in the
meter a stationary field coil 43 and movable
coils 44 connected to needle 45. In this circuit
it is not necessary that the alternating supply
current be stahbilized. This particular circuit is
adapted for use where the variation of the coil
is large with respect to the fixed value in coil 43.

Referring to Fig. 7, there is shown still another
possible circuit having an alternating current
source 46 (which may or may not be stabilized),
and in the meter stationary field coils 47 and 43
and movable field coils 49 connected to needle
45. 1In this circuit double crossed coils 43 and
49 are coupled so that the differences in current
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in the coils 48 and 49 on the left is compared
with the sum of the current in the coils 48 and
49 on the right. ’

Referring to Fig. 8, there is shown an alter-
nating current supply 5f which need not be
stabilized, stationary field coils 52, 53, 54, 55 and
56, and movable coils 57 coupled to the needle
§8. The double crossed coils 57 form a trans-
former to produce a sum current effect reducing
the value of the fleld due to the fixed coils 52-56
thereby increasing the deflection of the needle
58 with respect to that obtained for a similar
amount of current in the circuit shown in Fig. 6.

The crossed coils shown in the circuits above
described may make an angle with each other
larger than 90°, if such is desirable.

Although only one application of the pressure
responsive device of this application has been
disclosed, it is obvious from the foregoing de-
seription that it has other applications not only
for measuring the difference in forces in other
types of torque meters, but differences in forces
generally including electric weighing equipment.

While the above is a description of the prin-
ciples of this invention in connection with
specific apparatus and a particular modification
thereof, it is to be clearly understood that this
description is made only by way of example and
not as a limitation on the scope of this invention
as defined in the accompanying claims.

I claim:

1. A torque meter comprising: a shaft in
which the torque is to be measured, a pair of
jaws rigidly attached to said shaft at different
axially spaced points and extending into spaced
overlapping relationship with one another, a
resilient metal ball clamped between two resilient
metal plates between said jaws, said ball and
at least one of said metal plates being electrically
insulated from said shaft, means for applying
a potential between one of said plates and the
other through said ball, and means for measur-
ing the resistance between said plates according
to the change in pressure on said plates by said
jaws in proportion to the torque in said shaft
between said spaced points, whereby variations
in the pressure between said plates produce
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variations in the contact areas between said ball
and said plates which produce variations in the
resistance between said plates.

2. A device for measuring shaft torque com-
prising a pair of jaws rigidly attached to said
shaft at different axially spaced points and
extending into spaced overlapping relationship
with one another, a resilient metal ball, a pair
of resilient metal plates said plates being respec-
tively attached to each of said jaws said ball
being clamped between said plates, said ball and
said plates being electrically insulated from said
shaft, a source of electric potential, means to
apply said potential between said plates and said
ball, means for measuring the change of elec-
trical resistance between said plates and said
ball whereby the variations in pressure between
the spaced points on said shaft to which said
jaws are attached produce variations in the con-
tact areas between said ball and said plates thus
producing corresponding changes of electrical
resistance between said plates.
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